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,
(E) $(t \frac{\partial}{\partial t})^{m}u=F(t,$ $x,$ $\{(t\frac{\partial}{\partial t})^{j}(\frac{\partial}{\partial x})^{\alpha}n\}_{j<m}j+|\alpha|\leq m)$
. ,
,
. , $(t, x)\in C^{2}$ .
1.
$m\in N^{*}(=\{1,2, \cdots\}),$ $(t, x)\in C_{t}\cross C_{x},$ $N=m$
.
$(m+3)/2$ ,
$Z=\{Z_{j,\alpha}\}_{j+\alpha\leq m ,j<m}\in C^{N}$
( $(j,$ $\alpha)\in N^{2}(=\{0,1,2\ldots\}^{2})$ ) , $F(t, x, Z)$ $(t,x, Z)$
$\in C_{t}\cross C_{x}\cross C_{Z}^{N}$ .
$\mathrm{A}_{1})$ $F(t, x, Z)$ (0,0,0) ;
A2) $x=0$ $F(\mathrm{O},x, 0)\equiv 0$ .
, $u(=u(t, x))$
(E) $(t \frac{\partial}{\partial t})^{m}u=F(t,$ $x,$ $\{(t\frac{\partial}{\partial t})^{j}(\frac{\partial}{\partial x})^{\alpha}u\}_{j<m}j+\alpha\leq m)$
. 2 .
1 (E) ( ) .
2 (E) - .
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2.
(1999 12 ) .
2.1.
$F(t, x, Z)$ $\mathrm{A}_{1}$ ), A2) . , $F(t, x, Z)$
$(t, Z)$ Taylor
(2.1)
$F(t, x, Z)=a(x)t+ \sum_{j<m}b_{j,\alpha}(x)Z_{j,\alpha}+\sum_{p\text{ }+\alpha\leq m+|\nu|\geq 2}.g_{p,\nu}(x)t^{p}.Z^{\nu}$
.




. , $a(\prime x),$ $b_{j,\alpha}(x),$ $g_{p,\nu}(x)$ $x=0\in C$ $D$
, $D$ $j,$ $\alpha,p,$ $\nu$ .
(2.2) $C(x,$ $t \frac{\partial}{\partial t},$ $\frac{\partial}{\partial x})=(t\frac{\partial}{\partial t}’)^{m}-\sum_{j+\alpha\leq m}b_{j,\alpha}(x)(t\frac{\partial}{\partial t})^{j}(\frac{\partial}{\partial x})^{\alpha}$,
$Du=\{D_{j,\alpha}u\}_{j+\alpha\leq m}j<m$ , $D_{j,a}u=(t \frac{\partial}{\partial t})^{j}(\frac{\partial}{\partial x})^{\alpha}u$ ,
$R_{2}(t, x, Du)= \sum_{p+|\nu|\geq 2}g_{p,\nu}(x)t^{p}(Du)^{\nu}$
. , (E) .
(E) $C(x,$ $t \frac{\partial}{\partial t},$ $\frac{\partial}{\partial x})u=a(x)t+R_{2}(t, x, Du)$
$2.2$ .
$I$ $=$ $\{(j, \alpha)\in N^{2};j+\alpha\leq m,j<m\}$ ,
$I_{+}$ $=$ $\{(j, \alpha)\in I;\alpha>0\}$ .
. . (2.1) ( (2.2)) $b_{j,\alpha}(x)$ (E)
, 3 .
Case(l) $(j, \alpha)\in I+$ $b_{j,\alpha}(x)\equiv 0$ ;
Case(2) $(j, \alpha)\in I+$ $b_{j,\alpha}(0)\neq 0$;




Case(l) , $C(x, t\partial/\partial t, \partial/\partial x)$ $C(x, t\partial/\partial t)$
. , G\’erard-Tahara
[4], [6] , – Tahara [7], [8] .
Case(2) , G\’erard-Tahara [5] ,
– . G\’erard-Tahara [5]
, Case(2) $l+\mu=m$ ( 4 ) ,
$l+\mu<m$ .
Case(3) , Chen-Tahara [1], [2] – .
– . Chen-Tahara [1], [2]. , Case(3)
, . Chen
, Wuhan ( )
.
.
1) Chen-Tahara $[1],[2]$ , Case(l) $\mathrm{n}\mathrm{o}\mathrm{n}\mathrm{l}\mathrm{i}\mathrm{n}\mathrm{e}\mathrm{a}\mathrm{r}$ Fuchsian $\mathrm{t}\mathrm{y}\mathrm{p}\mathrm{e}$ , Case(2)
Case(3) $\mathrm{n}\mathrm{o}\mathrm{n}\mathrm{l}\mathrm{i}\mathrm{n}\mathrm{e}\mathrm{a}\mathrm{r}$ totally characteristic $\mathrm{t}\mathrm{y}\mathrm{p}\mathrm{e}$ ,
.
. 2) Case(3) , (2.2)
$C(x, t\partial/\partial t,\partial/\partial x)$ $L(x, t\partial/\partial t, x\partial/\partial x)$ .





Case (1) , Case (1) ,
$(j, \alpha)\in I_{+}$ $b_{j,\alpha}(x)$ $\equiv 0$ . , (E)
.




. $C(x, \lambda)=0$ $\lambda_{1}(x),$ $\ldots$ , $\lambda_{m}(x)$ , , (E)
.
1 (G\’erard-Tahara [4]) $\mathrm{A}_{1}),\mathrm{A}_{2})$ Case(l) .
$j=1,$ $\ldots,$ $m$ $\lambda_{j}(\mathrm{O})\not\in\{1,2, \ldots\}$ , (E)




1 $1$ ), $2$ ) $u(t, x)$ $S_{log}(+)$ .
1) $\epsilon>0,$ $\theta>0,$ $\delta>0$ , $u(t, x)$ $\{(t, x)\in \mathcal{R}(C_{t}\backslash \{0\})\cross$
$C_{x}$ ; $0<|t|<\epsilon,$ $|\arg t|<\theta,$ $|x|\leq$
.
$\delta$ } ,
2) $a>0$ , $|\arg t|<\theta \text{ }$ $tarrow \mathrm{O}$
$\max_{|x|\leq\delta}|u(t, x)|=O(\frac{1}{|\log t|^{a}})$
.
, $\mathcal{R}(C_{t}\backslash \{0\})$ $C_{t}\backslash \{0\}$ .
2 (Tahara [7]) $\mathrm{A}_{1}),\mathrm{A}_{2})$ Case(l) .
$j=1_{\iota},$ $\ldots$ ,m. ${\rm Re}\lambda_{j}(\mathrm{O})<0$ , (E)
$S_{log}(+)$ – .
) $t(\partial u/\partial t)=u(\partial u/\partial x)$ , $\lambda\equiv 0$ , $u\equiv 0$ $u(t, x)=(x+$
$a)/(c-\log t)$ ( $a,$ $c\in C$ ) .
, , ${\rm Re}\lambda=0$ , ‘ $S_{log}(+)$ – .
54
4. Case (2)
Case (2) , .
$(t \frac{\partial}{\partial t})^{m}u-$ $b_{j,\alpha}(x)(t \frac{\partial}{\partial t})^{j}(\frac{\partial}{\partial x})^{\alpha}u=a(x)t+R_{2}(t, x, Du)$
. $J$ .
$J=$ { $(j,$ $\alpha);\alpha>0$ $b_{j,\alpha}(x)\not\equiv 0$ }
4.1. 7( )
$J\neq^{\}}\emptyset$ . $\mu$ $l$
$\mu$ $=$ $\max\{\alpha;(j, \alpha^{\backslash })\in J\}(\geq 1)$ ,




. $b_{l,\mu}(\mathrm{O})\neq 0$ , $l$
, , $l$ $\lambda_{1},$ $\ldots,$ $\lambda_{l}$ . .
3(G\’erard-Tahara [5]) $\mathrm{A}_{1}),\mathrm{A}_{2})$
1) $J\neq\emptyset$ , .
2) $l+\mu=m(\text{ }l=m-. \mu)$ ,
3) $b_{l,\mu}(0)\neq 0$ ( $\text{ }$ $b_{m-\mu,\mu}(0)\neq 0$),
4) (4.1) $\lambda_{1},$ $\ldots,$ $\lambda_{l}\not\in\{1,2, \ldots\}$
. , $\phi_{k}(0)=0(k=0,1, \ldots, \mu-1)$
$\emptyset \mathrm{o}(t),$
$\ldots$ , $\phi_{\mu-1}(t)$ , (E) $(0,0)\in C^{2}$
$u(t, x)$ $\mathrm{i}$), $\mathrm{i}\mathrm{i}$) – .
$i)$ $u(0,x)\equiv 0$ ,
$ii)$ $( \frac{\partial}{\partial x})^{k}u|_{x=0}=\phi_{k}(t)$ $(k=0,1, \ldots,\mu-1)$ .
42.
$<4.2.1$ . reduction $>$
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$u(t, x)$
$w(t, x)=u(t, x)- \sum_{k=0}^{\mu-1}\phi_{k}(t)\frac{x^{k}}{k!}$
,
(42) $( \frac{\partial}{\partial x})^{k}u|_{x=0}=0$ $(k=0^{\backslash },1, \ldots, \mu-1)$
. , (4.2) .
$\mu$
$l$ , $\mu\geq 1$ , .
(4.3) $(t \frac{\partial}{\partial t})^{m}u-\sum_{j\leq l}b_{j,\mu}(x)(t\frac{\partial}{\partial t})^{j}.(\frac{\partial}{\partial x})^{\mu}u$
$-$
$\sum_{j+\alpha\leq m,\mathrm{j}<m,\alpha<\mu}b_{j,\alpha}(x)(t\frac{\partial}{\partial t})_{\backslash }^{j}(\frac{\partial}{\partial x})^{\alpha}u=a(x)t+R_{2}(t,x, Du)$
.
, $U(t, x)=(\partial/\partial x)^{\mu}u$ , $u$ (4.3) $U$
. (4.2)
$u=D_{x}^{-\mu}U$ $( \text{ }(D_{x}^{-1}f)(t, x)=\int_{0}^{x}f(t, y)dy)$
. . $D_{x}^{-\mu}$ , (4.3)
.
(4.4) $- \sum_{j\leq l}b_{j,\mu}(x)(t\frac{\partial}{\partial t})^{j}U$
$+(t \frac{\partial}{\partial t})^{m}D_{x}^{-\mu}U-$
$\sum_{j+\alpha\leq m,j<m,\alpha<\mu}b_{j,\alpha}(x)(t\frac{\partial}{\partial t})^{j}D_{x}^{\alpha-\mu}U$
$=a(x)t+R_{2}(t,x,$ $\{(t\frac{\partial}{\partial t})^{j}D_{x}^{\alpha-\mu}U\}_{j+\alpha\leq m})j<m$ .
, $b_{l,\mu}(\mathrm{O})\neq 0$ , $-b_{\mathrm{t},\mu}(x)$ , $\beta=\alpha-\mu$
, $\beta\in Z,$ $j+\alpha-\mu=j+\beta\leq m-\mu=l$ , (4.4) ?t
.




$=a(x)t+R_{2}(t,$ $x,$ $\{(t\frac{\partial}{\partial t})^{j}D_{x}^{\beta}U\}_{j+\beta\leq l}f^{\mathrm{i}nite})$ .
$<4.2.2$ . (4.5) $>$






1(G\’erard-Tahara [6]) $j=1,$ $\ldots,$ $.l$ $\lambda_{j}\not\in\{1,2, \ldots\}$
, (4.5) $(0,0)\in C^{2}$ $U(t, x)$
$U(\mathrm{O}, x)\equiv 0$ – .
(4.5) $D_{x}^{-1}$ . . -






$b_{j,\alpha}(x)(t \frac{\partial}{\partial t})^{j}(\frac{\partial}{\partial x})^{\alpha}u=a(x)t+R_{2}(t, x, Du)$
. .
$c_{1})$ $b_{j,\alpha}(x)=O(x^{\alpha})$ $(xarrow \mathrm{O}\text{ })$
5.1. ( )





$L( \lambda, \rho)=\mathcal{L}(0, \lambda, \rho)=\lambda^{m}-\sum_{j+\alpha\leq m}c_{j,\alpha}(0)\lambda^{j}\rho(\rho-1)\cdots(\rho-\alpha+1)$ .
4 (Chen-Tahara [2]) $\mathrm{A}_{1}),\mathrm{A}_{2})$ $c_{1}$ ) . ,
$\sigma>0$ ,
(5.1) $|L(k,l)|\geq\sigma(k+l+1)^{m}$ , $(k, l)\in N^{*}\cross N$
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( $N^{*}=\{1,2,$ $\ldots\},$ $N=\{0,1,$ $\ldots\}$ ) , (E)
$(0,0)\in C^{2}$ $u(t, x)$ $u(\mathrm{O}, x)\equiv 0$ –
.
) (5.1) Poincar\’e .
5.2.
, $f(t, x)= \sum_{i,j}f_{i,j}t^{i}x^{j}\in C[[t, x]]$ $|f|(t, x)$
$S(f)(t,x)$ ( $\mathrm{S}$ shift operator ) .
$|f|(t, x)= \sum_{i,j}|f_{i,j}|t^{i}x^{j}$
,
$S(f)(t, x)= \sum_{i,j}f_{i,j+1}.t^{i}x^{j}$ .
$<5.2.1$ . $\text{ ^{}\backslash }=>$
$\mathrm{A}_{1}),\mathrm{A}_{2}),$ $c_{1})$ , (E)
(52) $\mathcal{L}(x,t\frac{\partial}{\partial t},$ $x \frac{\partial}{\partial x})u=a(x)t+R_{2}(t,$ $x,$ $\{(t\frac{\partial}{\partial t})^{J}’(\frac{\partial}{\partial x})^{\alpha}u\}_{(j,\alpha)\in I})$
. $\mathcal{L}$ $x\partial/\partial x$ ,
$R_{2}$ $\partial/\partial x$ .
(5.3) $u(t, x)= \sum_{\sim}u_{k}(x)t^{k}k>1$ ’ $u_{k}(x)\in C[[x]](k\geq 1)$
, (5.2)
(5.4) $\mathcal{L}(x,$ $k,$ $x \frac{\partial}{\partial x})u_{k}=f_{k-1}(x,$ $\{\dot{\emptyset}(\frac{\partial}{\partial x})^{\alpha}u_{p}$ ; $1\leq p\leq k-1,$ $(j,\alpha)\in I\}\cdot,)$
. $=a(x)$ , $k\geq 2$ $f_{k-1}$
$u_{1},$ $\ldots$ , uk-l . (5.4)
$L(k,$ $x \frac{\partial}{\partial x})u_{k}=f_{k-1}$
$+X \sum S(c_{j,\alpha})(x)$ $(x \frac{\partial}{\partial x})(x\frac{\partial}{\partial x}-$. $1) \cdots(x\frac{\partial}{\partial x}-\alpha+1)u_{k}$
$(j,\alpha)\in I$





(5.5) $L(t \frac{\partial}{\partial t},$ $x \frac{\partial}{\partial x})u$
$=x \sum_{(j,\alpha)\in I}S(c_{j,\alpha})(\cdot x)(t\frac{\partial}{\partial t})^{j}(x\frac{\partial}{\partial x})(..x\frac{\partial}{\partial x}-1)\cdots(x\frac{\partial}{\partial x}-\alpha+1)u$




$+|a|(x)t+|R_{2}|(t,$ $x,$ $\{1^{j}S^{\alpha}(\mathrm{Y})\}_{(j,\alpha)\in I})$ .
2(5.1) Poincar\’e . .
(1) (5.5) $u(t, x),$ $(5.6)$ $\mathrm{Y}(t, x)$ $u<<\mathrm{Y}$
.
(2) ,
$u= \sum_{k\geq 1,l\geq 0}u_{k,l}t^{k}x^{l}$
,
$Y= \sum_{k\geq 1,l\geq 0}\mathrm{Y}_{k,l}t^{k}x^{l}$
$(k+l+1)^{m}|u_{k,l}|\leq|\mathrm{Y}_{k,l}|$ , $(k, l)\in N^{*}\cross N$
.
$u(t$ , $Y(t, x)$ .
$<5.2.3$ . $Y(t, x)$ $>$
$Y(t, x)$
$Y= \sum_{k\geq 1,\mathrm{t}\geq 0}Y_{k,l}\dot{t}^{k}x^{l}$
. $k\geq 1$ $\mathrm{Y}(t, x)$ .
$W( \rho)=\rho\sum_{k\geq 1,l\geq 0}Y_{k},\iota\rho^{(2m+1)(k-1)+l}$
, $Y(\rho^{2m+1}, \rho)=\rho^{2m}W(p),$ $W(\mathrm{O})=0$ $W(\rho)$ $\mathrm{Y}(t,x)$







$+|R_{2}|(\rho^{2m+1},$ $\rho,$ $\{\rho^{m+(m-\alpha)}W\}_{(j,\alpha)\in I})$ .
$\rho^{2m}$
$\sigma W<<\rho C(\rho)W+$ $(\rho)\rho+G_{2}(\rho, W)$
.
$G_{2}( \rho, W)=\frac{1}{\rho^{2m}}|R_{2}|(\rho^{2m+1},\rho,$ $\{\rho^{m+(m-\alpha)}W\}_{(j,\alpha)\in I})$
, $G_{2}(\rho, W)$ $(\rho, W)$ Taylor $(\rho, W)$
2 . ,
(5.7) $\sigma Z=pC(\rho)Z+|a|(\rho)\rho+G_{2}(\rho, Z)$ , $Z(0)=0$
, $Z(\rho)$ $W(\rho)<<Z(\rho)$
. $Z(\rho)$ .
$<5.2.4$ . $Z(\rho)$ $>$
(5.7) $(5.7)$ $\rho=0$
$Z=Z^{*}(\rho)$ – .
, $Z(\rho)$ – , $Z^{*}(\rho)$
. , $Z(\rho)$ .
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